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TITLE OF THE INVENTION 
OPTICAL DISK DEVICE AND ACCESS METHOD FOR OPTICAL DISK 
DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims the 

benefit of priority from the prior Japanese Patent 
Application No. 2002-221833, filed July 30, 2002, the 
entire contents of which are incorporated herein by 
reference . 

10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical disk 
device. More particularly, the present invention 
relates to an optical disk device and an access method 
15 for the optical disk device for making reliable access 

while avoiding an unrecorded region during optical head 
access . 

2. Description of the Related Art 
Recently, an optical disk device such as DVD 

20 '(Digital Versatile Disc) has been developed and widely 

known. In such an optical disk device or the like, 
there is a demand for high operational reliability, 
usability, or the like. 

As an example of such an optical disk device, in 

25 an optical disk device described in Jpn. Pat. Appln. 

KOKAI Publication No. 2000-251271, the following 
technique is disclosed. In the case of an interlayer 
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jump of a double-layered disk, if a target address 
position is at the inner periphery than a current 
address position, a seek operation is carried out up to 
a radial position of the same recording layer which 
5 corresponds to the target address position. Then, an 

interlayer jump is carried out and reaches the target 
address position. On the other hand, in the case where 
a target address position is at the outer periphery 
than a current address position, an interlayer jump is 
10 carried out at the current address position, and then, 

a seek operation is carried out for the target address 
position. 

In other words, in a reproduction type optical 
disk, an optical disk having a plurality of layers has 

15 been developed and made popular. Similarly, there is 

proposed a recording type optical disk having a 
plurality of recording layers on one side from a demand 
for increasing the capacity of data to be recorded in 
an optical disk. In the case where the disk thus has 

20 plurality of recording layers, a transmission rate of 

a shallower recording layer must be increased in order 
to maintain the reflection index of each recording 
layer to be substantially constant. As a result, the 
reflection index to be maintained constant is reduced, 

25 and an optical disk is produced so that the reflection 

index of each layer is substantially equal to this low 
reflection index. Thus, signal levels of a variety of 
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signals are lowered, and an S/N ratio is degraded. 

On the other hand, in a recording layer, 
the reflection indexes of an unrecorded region and 
a recorded region differ depending on disk 
5 characteristics. The disk characteristics include two 

characteristics, i.e., a characteristic in which the 
reflection index is reduced by data recording as in 
DVD-RAM or the like and a characteristic in which the 
reflection index is increased by such recording. 

10 In general, a change in this reflection index is 

greater than twice or half. In the boundary region 
between a recorded region R and an unrecorded region M, 
a variety of signals are affected by the change in this 
reflection index. In particular, in the case where 

15 precise servo is required, there is a possibility 

that such an effect of change results in a large 
disturbance . 

Thus, as in the conventional reproduction type 
optical disk device, when an interlayer jump is carried 

20 out in order to make access to a specific target 

position on a storage region, if the center axes of the 
recording layers are not aligned in a double-layered 
disc, an interlayer jump destination may be the 
unrecorded region M. In such a case, there is a 

25 problem that the disk is affected by the boundary 

region or a signal level which depends on the region 
in an unstable state after a jump, and a servo state 
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becomes unstable. 

Further, in the case of a recording type optical 
disk, in order to record/reproduce information, it is 
required that a response time from a time when a 
recording/reproduction request occurs to a time when a 
recording/reproduction operation is started is fast. 
Since different adjustments are required depending on 
the recorded region R and the unrecorded region M, it 
is believed that an access method in which only the 
recorded region R requiring minimal adjustment is 
passed is stable. However, as in the conventional 
device, according to a rectangular access method for 
connecting a current address position to a target 
address position with the shortest distance, it is not 
guaranteed that a region in which an inter layer jump 
has been carried out with the shortest distance is 
always a recorded region. Thus, there is a problem 
that, when the unrecorded region M is passed, the servo 
state becomes unstable. 

In addition, if focusing unintentionally occurs 
in the unrecorded region M due to runaway or track 
deviation which occurs during an access or due to focus 
deviation, the signal levels differ depending on the 
recorded region R and the unrecorded region M as 
described above. Thus, track pull-in action cannot be 
carried out, and an operation of restoring to the 
recorded region R cannot be carried out smoothly. 



- 5 - 



In other words, as described above, in the 
conventional optical disk device, when an access to the 
recording region of an optical head is instructed, 
there is a case in which the unrecorded region M whose 
5 reflection index or the like differs from that of the 

recorded region R is passed when an access to a target 
position is made with the shortest distance. Thus, 
there is a problem that the servo state becomes 
unstable . 

10 BRIEF SUMMARY OF THE INVENTION 

According to one embodiment of the present 
invention, there is provided an optical disk device, 
comprising an optical head which emits a laser light to 
an optical disk having a recording layer and receives 

15 a reflection . light to carry out one of a recording 

process and reproduction process, a detecting unit 
which detects a distribution of a recorded region and 
an unrecorded region of the optical disk based on 
a reflection light received by the optical head, and 

20 a control unit which controls the optical head so as to 

make access to a target position of a recording layer 
of the optical disk while avoiding the unrecorded 
region based on a distribution of a recorded region and 
an unrecorded region detected by the detecting unit. 

25 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

FIG. 1 is a block diagram showing an example of 
a configuration of an optical disk device according to 
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a first embodiment of the present invention; 

FIG. 2 is a view when an optical disk of the 
optical disk device according to the first embodiment 
of the present invention is seen from an incident face; 
5 FIG. 3 is a perspective view showing a configura- 

tion around an optical head in the optical disk device 
according to the first embodiment of the present 
invention; 

FIG. 4 is a configuration diagram of an optical 
10 system of the optical head in the optical disk device 

according to the first embodiment of the present 
invention; 

FIG. 5 is a sectional view of an optical disk 
showing an example of an access method in the same 
15 layer according to the first embodiment of the present 

invention; 

FIG. 6 is a sectional view of an optical disk 
showing an example of the access method with an 
interlayer jump according to the first embodiment of 

20 the present invention; 

FIG. 7 is a sectional view of an optical disk 
showing another example of the access method with 
an interlayer jump according to the first embodiment of 
the present invention; 

25 FIG. 8 is a sectional view of an optical disk 

showing another example of the access method with 
an interlayer jump according to the first embodiment of 



the present invention; 

FIG. 9 is a sectional view of an optical disk 
showing another example of the access method with 
an interlayer jump according to the first embodiment of 
the present invention; 

FIG. 10 is a sectional view of an optical disk 
showing an example of a simple access method with 
an interlayer jump according to the first embodiment of 
the present invention; 

FIG. 11 is a sectional view of an optical disk 
showing an example of the access method in the case 
where a runaway state occurs according to the first 
embodiment of the present invention; 

FIG. 12 is a flow chart for explaining the access 
method according to. the first embodiment of the present 
invention; 

FIG. 13 is a sectional view of an optical disk 
showing an example of an access method with an 
interlayer jump according to a second embodiment of 
the present invention; 

FIG. 14 is a view of an optical disk showing 
an example of an access method according to an optical 
disk which has a land portion and a groove portion 
according to a third embodiment of the present 
invention; 

FIG. 15 is a block diagram showing an example of 
a configuration of an optical disk device according to 
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the third embodiment of the present invention; 

FIG, 16 is a flow chart for explaining an access 
method according to the third embodiment of the present 
invention; 

5 FIG . 17 is a flow chart for explaining the access 

method according to the third embodiment of the present 
invention; 

FIG . 18 is a view of an optical disk showing 
another example of the access method according to 
10 an optical disk which has a land portion and a groove 

portion according to the third embodiment of the 
present invention; 

FIG. 19 is a view of an optical disk showing 
another example of the access method according to 
15 an optical disk which has a land portion and a groove 

portion according to the third embodiment of the 
present invention; and 

FIG. 20 is a flow chart for explaining a restore 
process from a runaway state according to the present 
20 invention. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, preferred embodiments of an optical 
disk device and an access method for the optical disk 
device according to the present invention will be 
25 described with reference to the accompanying drawings. 

<Optical disk device according to the present 
invention> 
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A configuration of an optical disk device 
according to a first embodiment of the present 
invention will be described. FIG. 1 is a block diagram 
showing an example of the optical disk device according 
5 to the first embodiment of the present invention. 

FIG. 2 is a block diagram showing an example of an 
optical disk according to the first embodiment of the 
present invention. FIG. 3 is a configuration diagram 
showing an arrangement of an optical head and the like 

10 of the optical disk device. FIG. 4 is a configuration 

diagram of the optical head of the optical disk device. 
Here, a description will be given with respect to 
an access process in the optical disk device having 
two recording layers on one side as shown in FIG. 2, 

15 wherein a recording process is applied to an optical 

disk in which a single spiral groove structure 101 is 
provided, an information track of each recording layer 
being capable of continuously recording from the inner 
periphery to the outer periphery. 

20 An optical disk D targeted for a process of the 

optical disk device according to the first embodiment 
of the present invention is a rewritable medium which 
comprises a phase change recording layer as a recording 
layer as shown in FIG. 2. This optical disk is a 

25 recording medium which has a first recording layer 3 

and a second recording layer 4 in which information 
recording/reproduction is carried out by a light 



condensed by an objective lens 5 which the optical 
disk device according to the present invention has. 
A spindle motor 2 rotates the optical disk D. 
A spindle motor control circuit 31 controls the spindle 
motor 2. More precisely, the motor 2 is controlled so 
that its rotational speed detected by a rotation angle 
encoder 30 may have a value that is desirable for the 
access position designated by an access control circuit 
18. The optical disk D is rotationally controlled by 
a spindle motor 2 which the optical disk device has. 
In particular, a ZCLV (Zoned Constant Liner Velocity) 
scheme or the like for maintaining a rotational linear 
velocity to be constant is employed when information 
recording is carried out. 

Further, an optical head 10 emits a laser light 
with a predetermined wavelength to a predetermined 
recording layer of the optical disk, thereby carrying 
out recording (mark forming) . This recording is 
carried out by a mark length recording scheme having 
information on an edge of a recording mark, for 
example. The laser light emitted from a laser light 
source provided on the optical head 10 is collimated to 
be parallel lights, and then the parallel lights are 
incident to an optical correction mechanism 8 via an 
optical element (not shown) . This optical correction 
mechanism 8 carries out aberration correction by 
a relay lens or a liquid crystal element so that an 



optical spot formed on a recording layer, for example, 
does not have a spherical aberration. The light beam 
corrected by this optical aberration correction 
mechanism 8 is further incident to the objective lens 5 
via a rising mirror 7, and an optical spot is formed 
on a predetermined information recording face of the 
optical disk D. On the other hand, the light beam 
reflected on the information recording face is 
partially incident to a photo-detector 9 via the 
rising mirror 7 again. This photo-detector 9 detects 
a position error relevant to a target position of the 
optical spot focused on the information recording face 
by photoelectric conversion of detection cells divided 
in plurality. The position errors include a focus 
position error for forming an optical spot focused 
relevant to the information recording face, a track 
position error, a tilt error, and a spherical 
aberration error. 

An information track for carrying out information 
recording/reproduction is formed on the information 
recording face. A positional deviation in the radial 
direction of the optical disk relevant to this target 
track is obtained as a track position error. A tilt 
error is a deviation angle between an optical axis of a 
light beam emitted by the objective lens 5 and a normal 
line of the optical disk D. If this angle is large, a 
comet aberration occurs in the optical spot and a spot 
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quality is lowered. Lastly, a spherical aberration is 
an aberration which degrades a spot quality of the 
optical spot in the same manner. This aberration 
occurs when a wave face focused by the objective lens 5 
is deviated from a spherical face. 

In the optical disk device, the above various 
position errors are detected by a positioning error 
detection circuit 19 using a photo-detector 10 and 
a differential circuit 11 or the like, the control 
operation quantities corresponding to the respective 
positioning errors are computed by a compensation 
controller 20 so that a proper optical spot is formed, 
and the control operation quantities are input to 
an optical correction mechanism control circuit 21, 
a focus mechanism control circuit 22, a precise 
positioning mechanism control circuit 23, a coarse 
positioning mechanism control circuit 17, and a tilt 
adjustment mechanism control circuit 24, respectively. 
In each of these control circuits, the optical 
aberration correction mechanism 8, the objective lens 
positioning mechanism 6, and the coarse positioning 
mechanism 12 are controlled to be driven based on the 
input control operation quantities so that an optical 
spot is properly formed at a target position. Further, 
outputs from the differential circuit 11 are provided 
to a relative displacement calculator 13 and a velocity 
detecting portion 15, outputs of a reference velocity 
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generation circuit 14 and the velocity detecting 
circuit 15 are calculated to be supplied to the coarse 
positioning mechanism control circuit 17 via an 
amplifier 16. Then, the supplied outputs control the 
5 coarse positioning mechanism 12 to be driven. 

An access control circuit 18 is connected to 
the coarse positioning mechanism control circuit 17 and 
the compensation controller 20 described above, and 
controls access process. The access control circuit 18 

10 controls the spindle motor control circuit 31, which in 

turn controls the spindle motor 2. Thus controlled, 
the spindle motor 2 rotates the optical disk D so that 
the address of the target track to be accessed may read 
when the access operation is started. Further, this 

15 access control circuit 18 is controlled by a system 

controller 25 which controls the entire operations. 
This system controller 25 is further connected to 
a recording information management portion 2 6 and 
an access target setting circuit 27. The recording 

2 0 information management portion 2 6 detects and manages a 

distribution of regions such as the recorded region R, 
the unrecorded region M, the recordable region K, and 
the like of the optical disk D. Unlike a conventional 
device, the access target setting circuit 27 determines 

25 an optimal access method according to a state by 

setting a position to be accessed in order to avoid the 
unrecorded region M which causes unstable operation as 



described later in detail instead of making an access 
to the target position with the shortest distance. 

In addition to such a drive system configuration 
of the optical head 10, the optical disk device has 
configurations of a recording process system, a 
reproduction process system, and a control system (not 
shown) . In other words, this optical disk device has 
a data reproduction circuit which is a circuit of the 
reproduction process system connected to the optical 
head 10, a laser control circuit which is a circuit 
of the recording process system and controls light 
emission of a semiconductor diode incorporated in the 
optical head 10, and an interface circuit for making 
data communication with a CPU which is a constituent 
element of a control portion for governing these 
operations, a RAM or ROM which is a storage region, 
and an external device, and the like. 

Further, FIG. 3 shows an example of a configura- 
tion of the optical disk device according to the first 
embodiment of the present invention. FIG. 4 shows 
a detailed optical system configuration of the optical 
head 10 of the optical disk device according to the 
present invention. In these figures, a laser light 
emitted from a laser light source 28 is optically 
adjusted by an optical correction mechanism using the 
relay lens 8. Further, a half prism 29 is used in 
order to travel a return light from the optical disk D 
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to an error signal detection system. 
<First embodiment> 

According to the first embodiment, in an optical 
disk device for an optical disk having one or 
5 a plurality of recording layers, there is provided 

an optical disk device and an access method for the 
optical disk device for, when an access is made to 
a target position on an optical disk, providing an 
optimal access method while avoiding the unrecorded 

10 region M which causes unstable operation based on 

a distribution of the recorded region R and the 
unrecorded region M and the like detected in advance. 
FIG. 5 to FIG. 11 are diagrams each showing an example 
of an access method of an optical head in the optical 

15 disk device. FIG. 12 is a flow chart for explaining 

an access process of an optical head including 
an interlayer jump of the optical disk device. 
(Principle of access method of optical head according 
to the present invention) 

20 According to the present invention, in a recording 

optical disk having a recording layer, the reflection 
index or the like greatly differs depending on the 
recorded region R and the unrecorded region M. Thus, 
if an access is made to a target position via the 

25 unrecorded region M, a servo is likely to be unstable. 

Therefore, an access is made to a target position via 
the recorded region R or the like while avoiding the 
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unrecorded region M based on a distribution of the 
recorded region R and the unrecorded region M and the 
like detected in advance. Further, when an access is 
made to a target address, in the case of a recording 
5 process, a start position of the unrecorded region M is 

targeted to be accessed in many cases. Thus, a second 
target position is set with a distance of two or more 
tracks, for example, of the target position instead of 
directly accessing the target position. After the 

10 optical head has been moved to this position, tracing 

is carried out at an essential target position. With 
this method, an unstable servo due to an effect of the 
unrecorded region M is avoided, enabling speedy and 
reliable access. 

15 In other words, specifically, in a medium having 

a Low to High characteristic, the reflection index of 
the unrecorded region M is 10% or less. On the other 
hand, the reflection index of the recorded region R is 
20% or more. In this case, if servo operation is 

20 carried out for forming an optical spot in the vicinity 

of the boundary between the recorded region R and the 
unrecorded region M, a component of reflection wave 
reflected at a low reflection index of the unrecorded 
region M enters a component reflected at a high 

25 reflection index of the recorded region R. Thus, there 

occurs a malfunction such as shifting to the unrecorded 
region M side of a neutral position to be applied to 
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servo operation. In the case where the neutral 
position is thus shifted to the unrecorded region side, 
a so-called positive feedback state which is further 
strongly affected by the unrecorded region is 
5 established due to this shifting, where a servo is 

likely to be unstable. Thus, in order to particularly 
avoid an unstable servo state which is significant in 
the Low to High medium, an access is made to the target 
position while avoiding the unrecorded region M, or 

10 a stable access process is carried out by providing 

a two-stepped target position. 

As shown in FIG. 5 to FIG. 11, a recording optical 
disk can be classified into at least an already 
recorded unrecordable region which is the recorded 

15 region R, a recordable region which is the unrecorded 

region M and into which recording can be carried out, 
and a recordable region which is the recordable region 
K and in which a deletion process is carried out 
although recording has been carried out once. In the 

20 access method according to the present invention, a 

distribution of the unrecorded region M is particularly 
detected, and a failure is avoided based on this 
detection. 

(Method for identifying unrecorded region and 
25 recordable region) 

The following patterns are considered as a method 
for identifying the unrecorded region M and the 
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recordable region K. 
Pattern 1 

Unrecorded region: A region in which a crystalline 
state or non-crystalline state is uniform, 
5 Recorded region and recordable region: Regions in 

which a crystalline state and a non-crystalline state 
are distributed in a coexisting manner. 
Pattern 2 

Unrecorded region: A region in which a reflection 

10 index is uniform. 

Recorded region and recordable region: Regions in 
which regions with different reflection indexes are 
distributed in a coexisting manner and regions in which 
average reflection index is higher or lower than in the 

15 above region in which a reflection index is uniform. 

Pattern 3 

Unrecorded region: A region in which dye is 
distributed uniformly and a reflection index is 
uniform. 

20 Recorded region and recordable region: Regions where 

states in which partial dye film changes and reflection 
indexes are different from one another are distributed 
in a coexisting manner. 
Pattern 4 

25 Unrecorded region: A region in which a reflection face 

of an optical spot is flat and uniform. 

Recorded region and recordable region: Regions having 



irregularities where the above flat portion is 
deformed. 

(Examples of access method) 

In the optical disk device according to the 
present invention, an optical spot is formed at a 
target position and a series of information is recorded 
as described above. However, in the case where a 
request for newly recording a series of information 
is provided to the system controller 25, the optical 
head 10 carries out an access process for the target 
position on the optical disk D. At least the cases of 
FIG. 5 to FIG. 11 described below are exemplified. 
(Access onto one recording layer) 

An access method shown in FIG. 5 indicates a case 
in which an access is made on one recording layer 4. 
In the case where a currently tracked track is defined 
as point P and a target track is defined as point A, 
a first temporary target track is set to be point B. 
It is desirable that a track at point A and a track at 
point B are set to distant from each other by two or 
more tracks and 10 or less tracks. Thus, when a target 
track to be accessed is set in a recording layer having 
the unrecorded region M, the temporary target track 
point B is set by the working of an access target 
setting circuit 27 instead of making normal access for 
carrying out an access operation targeted for the 
target track. After the optical head 10 has been 
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moved to this position, tracing is carried out at the 
essential target position point A, thereby enabling 
a stepwise and reliable access operation without being 
affected by the unrecorded region M. 
5 Here, an operation for the access method carried 

out in one recording layer 3 shown in FIG. 5 will be 
described in detail by using a configuration shown in 
FIG. 1. 

At first, an access operation is started based 

10 on a track position error signal detected by the 

positioning error detection circuit 19 by temporarily 
releasing track positioning control for carrying out 
positioning control by the access control circuit 18. 
When this track positioning control has been released 

15 and the control operation quantities are input from the 

respective control circuits to the coarse positioning 
mechanism 12 or the precise positioning mechanism 6, 
an optical spot starts moving in the radial direction 
of the optical disk. Although a track position error 

20 (a tracking error) occurs due to this movement, the 

access operation is controlled by using this position 
error signal. At the same time the access operation is 
started, the spindle motor control circuit 31 controls 
the spindle motor 2 so that the motor 2 may acquire the 

25 rotational speed preset when the optical head reaches 

the target track. 

In the access control circuit 18, a track position 



error signal is binarized by the relative displacement 
calculator 13 and the thus binarized signal is counted, 
whereby the number of information tracks moved by 
an access can be recognized. In the access control 
circuit 18, the number of information tracks to be 
accessed is calculated in advance from an address of 
an information track targeted for an access and 
an address of an information track for starting 
an access. The number of passed tracks is subtracted 
from the number of target accesses so that the number 
of remaining tracks can be calculated. With respect to 
the thus calculated number of remaining tracks, the 
access control circuit 18 generates a target velocity 
from a reference velocity generation circuit 14 in 
which a target movement velocity is already defined as 
a reference value. On the other hand, when an interval 
of information tracks is divided by a time interval of 
a rising pulse of the binarized track position error 
signal, the movement velocity during each track passing 
can be detected. This detection is carried out by the 
velocity detector 15. The above target velocity is 
compared with the detected velocity by a comparator 
detector 16 so that the detected velocity follows the 
above target velocity. Then, a differential value is 
amplified to be input to the coarse positioning 
mechanism control circuit 17. 

Further, depending on a position relationship 
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between a target track and an optical spot, the above 
differential value is input to the precise positioning 
mechanism control circuit 23 via the access control 
circuit 18 to drive the precise positioning mechanism 
6. When an optical spot reaches immediately before 
a target track, the access control circuit 18 closes 
the track position error control system again. Then, 
the compensation controller 20 calculates the control 
operation quantity for driving the precise positioning 
mechanism so as to eliminate a track position error 
and provides the calculated quantity to the precise 
positioning mechanism control circuit 23. Thereafter, 
an address of the actually reached target track is read 
by a signal process system of the system. However, in 
the case where this address is substantially identical 
to that of a target information track, an access 
operation for the temporary target track point B is 
terminated. Thereafter, the optical head is moved from 
point B to point A by a trace operation for keeping a 
tracking state instead of an access seeking operation. 
At this time, the spindle motor control circuit 31 
controls the spindle motor 2 so that its rotational 
speed changes from the value preset for point A to the 
value preset for point B. 

During the above access operation, the control 
circuit 20 outputs the control operation quantity for 
adjustment to the optical correction mechanism control 



circuit by using an amplitude value of a signal 
detected by the positioning error detection circuit 19, 
for example, of a track position error signal. Then, 
this circuit can search for an optimal correction 
point by driving the optical correction mechanism. 
This control operation quantity for adjustment is 
obtained as a value such as Vc' relevant to the control 
operation quantity Vc during an access in accordance 
with Vc' = Vc + AV, where Av indicates a value 
obtained when an absolute value is determined in a 
predetermined range and a sign is properly inverted. 

A region which has not been recorded intentionally 
due to an effect such as defect or a region in which 
recording cannot be carried out may be defined as the 
unrecorded region M. 
(Access 1 with interlayer jump) 

Next, an access method shown in FIG. 6 indicates 
a case of carrying out an interlayer jump among 
a plurality of recording layers while avoiding the 
unrecorded region M. In the case where a currently 
tracked track is defined as point P and a target track 
is defined as point A, a first temporary target track 
is set to be point B. It is desirable that a track at 
point A and a track at point B are set to be distant 
from each other by two tracks or more and 10 tracks or 
less . 

On the other hand, a second temporary target track 
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for an interlayer jump is set to be point C. A third 
temporary target track corresponding thereto in another 
recording layer 3 is set to be point C . It is 
desirable that point B and point C are set to be 
distant from each other by about 0.1 mm or more. 
When a target track to be accessed is thus set in 
a recording layer having the unrecorded region M, 
a temporary target track is set by the access target 
setting circuit 27 and a stepwise access operation is 
achieved unlike a general access operation for carrying 
out an access operation for the target track. 

In this manner, an access is made in descending 
order of points P, C , C, B, and A, whereby an access 
operation is also carried out for an optical disk 
having a plurality of recording layers 3 and 4 and 
having the unrecorded region M while only the recorded 
region R is passed with the unrecorded region M being 
avoided. Thus, a stable access operation can be 
carried out. When the optical head jumps from point C 
to point C, too, the spindle motor 2 is controlled to 
acquire first the speed preset or point C and then the 
speed preset for point C. If points C and C are at 
almost the same distance from the center of the disk D, 
it is desired that the motor 2 be controlled to rotate 
at the same speed for points C and C. 
(Access 2 with interlayer jump) 

An access method shown in FIG. 7 indicates a case 
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of carrying out an interlayer jump among a plurality of 
recording layers while avoiding the recorded region M. 
This access method also indicates a case in which the 
unrecorded region M exists in the current recording 
layer 3 as well . Also in this case, an access can 
be made in the same manner as in the access method 
shown in FIG. 6. In other words, in the recording 
information management portion 26, it is determined 
that temporary target track points C , C, and B are not 
in the unrecorded region M and an access is made in 
descending order of points P, C , C, B, and A so that 
a stable access operation can be carried out. 
(Access 3 with interlayer jump) 

An access method shown in FIG. 8 indicates a case 
in which an interlayer jump is carried out among 
a plurality of recording layers while avoiding the 
unrecorded region M similarly. This access method also 
indicates a case in which an interlayer jump is carried 
out as is without moving in the current recording layer 
3. In other words, in the recording information 
management portion 2 6, when it is determined that point 
C' in the figure is in the unrecorded region M and 
track point D of the recording layer 4 corresponding 
to track point P at which a current optical spot is 
formed is in the recorded region R, an interlayer jump 
is carried out for point D and moves to the first 
temporary target track point B in the recording layer 
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4. Then, tracing is carried out for target position 
point A, thereby enabling a reliable access operation 
without being affected by the unrecorded region M. 
(Access 4 with interlayer jump) 
5 An access method shown in FIG. 9 indicates a case 

in which an interlayer jump is carried out among 
a plurality of recording layers while avoiding the 
unrecorded region M similarly. This access method 
indicates a case in which an interlayer jump is carried 

10 out by moving in the current recording layer 3 in 

a forward direction and tracing is carried out for 
a target position by moving in the forward direction 
again. In other words, in the recording information 
management portion 26, it is determined that point C 

15 in the figure is in the unrecorded region M, and 

an access is determined by the access target setting 
circuit 27 in descending order of points P, D' , D, B, 
and A. In the case of FIG. 6 or FIG. 7, first movement 
in the recording layer 3 is in a direction opposite to 

20 the forward direction. In contrast, this example is 

characterized in that the first movement is in the 
forward direction. 

(Description of operation using flow chart: Access 
method in the same recording layer) 
25 Now, the access method in the same recording layer 

shown in FIG. 5 will be described below in detail by 
using a flow chart of FIG. 12. In the flow chart of 
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FIG- 12, at first, in the case where the system 
controller 25 receives a request for information 
recording (ST11), the system controller 25 checks 
whether or not information concerning the capacity of 
information to be recorded is contained. In the case 
where the capacity of information to be recorded is 
found as a result of this check, the process proceeds 
to the next step referring to information on the 
capacity of recording information. In the next step, 
the recording information management portion 2 6 of 
FIG. 1 checks a recording region which can be recorded 
in a recording layer on which an optical spot is 
currently formed, that is the capacity and position of 
the recordable region K and the capacity and position 
of the unrecorded region M (ST12) and further checks 
the residual region and position of the information 
recording region K which can be recorded in another 
recording layer, that is the capacity and position of 
the unrecorded region M (ST13) . 

Then, the access target setting circuit 27 
determines/selects a recording layer in which 
information should be recorded and a target track 
position by using information on the two checked 
recording layers (ST14) . At the same time, in the case 
where the unrecorded region M exists in a recording 
layer to be accessed, or particularly in the case where 
an access is made in the vicinity of the unrecorded 
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region M or recording is carried out for the unrecorded 
region M, the access target setting circuit 27 sets a 
first temporary target track (point B) in a recording 
layer to be targeted. In addition, in the case where 
5 it is determined that a recording layer to be accessed 

differs from a current recording layer, this setting 
circuit 27 sets a second temporary target track (point 
C) in a recording layer to be targeted and a third 
temporary target track (point C ) in a current 

10 recording layer so as to start the access operation. 

In this manner, as is the case in FIG. 5, as 
a result of selecting a recording layer and selecting/ 
setting a target track and a temporary target track, 
it is determined that recording is carried out in 

15 a current layer on which an optical spot is formed. 

In the case where the unrecorded region M exists in the 
current recording layer and recording is carried out in 
the unrecorded region M, an access operation for the 
first temporary target track (point B) is carried out 

20 at first. In the access operation, the spindle motor 2 

is controlled to acquire a rotational speed preset for 
a temporary target track. (ST15) . At a stage where an 
address is read and the access is terminated, an access 
operation for a target track (point A) is carried out 

25 (ST16) and information recording is started (ST17) . 

In this access operation for the target track in ST16, 
since the first temporary target track is set to 
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achieve an access operation with comparatively short 
distance, this access operation can be achieved by 
an access caused by a track jump using the precise 
positioning mechanism 6 or by maintaining a trace 
5 state. 

(Description of operation using flow chart: Access 
method with interlayer jump) 

Now, a description of an operation in the case 
where the unrecorded region M does not exist in a 

10 current layer (FIG. 6) will be given with respect to 

an operation of accessing a predetermined recording 
start position of a recording target layer when it is 
determined that recording is carried out in a recording 
layer different from a recording layer on which an 

15 optical spot is formed in the selection (ST14) of the 

recording layer in the flow chart of FIG. 12. 

In this access method, as in the access method in 
the same recording layer described above, the first 
temporary target track (point B) is set by the access 

20 target setting circuit 27, and the second temporary 

target track (point C) and the third temporary target 
track (point C') are simultaneously set (ST18). In the 
case where the unrecorded region M does not exist in 
the current recording layer, or in the case where it 

25 is determined at the recording information management 

portion that the unrecorded region M is not passed on 
the way of the access operation, the second temporary 
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target track (point C) is provided at a recorded region 
side far from the first temporary target track (point 
B) . The address of the current layer which substan- 
tially corresponds to that of this second temporary 
target track is calculated in the recording information 
management portion 26. Further, the track of the 
current recording layer having the calculated address 
is determined as the third temporary target track 
(point C) by the access target setting circuit 27. 

Hereinafter, an operation of accessing the third 
temporary target track (point C T ) is carried out along 
the flow chart of FIG. 12 (ST19) . Further, at a stage 
where an address is read and the access is terminated, 
an interlayer jump is then carried out (ST20) and focus 
pull-in action (ST21), track pull-in action (ST22), and 
a variety of servo adjusting operations are carried 
out. In this access operation, the spindle motor 2 is 
controlled to acquire two different speeds preset for 
points C and C , respectively. 

Since this interlayer jump can be controlled as 
a part of the focus positioning operation after track 
positioning control has been released, the interlayer 
jump can be achieved by providing the control operation 
quantity to the focus mechanism control circuit 22 by 
the compensation controller 20. If an interlayer jump 
is carried out from a track of a current recording 
layer which corresponds to a predetermined recording 



position of a recording target layer, the jump reaches 
the vicinity of the predetermined recording position 
of the recording target layer and focus pull-in action 
is carried out so that focus positioning control is 
carried out. At this time, at the same time with the 
interlayer jump, the optical correction mechanism 
control circuit 21 adjusts the optical correction 
mechanism so that a proper optical spot is formed with 
respect to the recording target layer. As a result, 
since focus positioning control can be carried out for 
a recording target layer, track positioning control is 
carried out based on a track position error detected 
by the track positioning error detection circuit 19. 
An optical spot is track-positioned with respect to a 
retractable information track by this track positioning 
control, making it possible to read an address. 
Although the address of the pulled-in track is read, 
this address may not always coincide with the second 
temporary target track (point C) . A distance up to 
the recording start position is calculated from this 
address reading result and an access operation in the 
same recording layer described above is carried out so 
that an operation of accessing the first temporary 
target track (point B) is carried out (ST23) . After 
track pull-in action is carried out (ST24) and it is 
confirmed that an access to the first temporary target 
track (point B) can be successfully made, an operation 
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of accessing the target track (point A) such as a short 
distance jump is carried out (ST25) and the access 
operation is terminated so that information recording 
is started (ST26) . 

In this operation of accessing the target track 
(point A) in ST25, the first temporary target track 
(point B) is set to ensure the access operation with 
a comparatively short distance as in the previous 
embodiment. Thus, this access operation can be 
achieved by track jump access using the precise 
positioning mechanism 6 or by maintaining a trace 
state . 

(Simple access method) 

An access method shown in FIG. 10 is a simple and 
practical access method. In FIG. 10, in the case where 
the unrecorded region M exists in the recording layer 4 
in which a current optical spot (point P) is formed, 
and the unrecorded region M does not exist in the 
target recording layer 3 in which the track point A to 
be recorded exists, there is provided an access method 
for immediately carrying out an interlayer jump at that 
position. In other words, the step (ST19) in which the 
third temporary target track (point C) is provided is 
omitted and an interlayer jump to the recording target 
layer 3 is first carried out (ST20) . Thereafter, in 
the recording target layer 3, the step (ST23) in which 
the first temporary target track (point B) is provided 
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is omitted, and an operation of accessing the target 
track (point A) is carried out. 

Thus, the temporary target track (such as points 
C, C ! , B, or the like) is omitted only in the above 
5 case and an access is immediately made, whereby, if the 

recording information management portion 2 6 and the 
access target setting circuit 27 are also provided, 
an access operation is carried out with respect to 
an optical disk having a plurality of recording layers 

10 and having the unrecorded region M by always passing 

through the recorded region R, making it possible to 
carry out a more speedy and stable access operation. 
(Restore process from runaway state) 

FIG. 11 illustrates a coping method in the case 

15 where an optical spot has been formed unintentionally 

in the unrecorded region M due to runway or track 
deviation during an access, focus deviation, and 
the like. As shown in FIG. 11, tracking may occur 
unintentionally in the unrecorded region M due to 

20 a certain disturbance during an access operation as is 

the case with point P in the figure. In some cases, 
such a situation may occur even in a constant tracking 
servo state. 

In other words, in the flow chart shown in 

25 FIG. 20, in the case where a runaway state has been 

detected (ST74) during recording/reproduction operation 
(ST71), this state is detected by the positioning error 
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detection circuit 19. In other words, for example, 
in the case where a change in amplitude of a focus 
positioning error signal or a change in a track 
positioning error signal is detected so that the 
detected change is determined to be the unrecorded 
region M (ST72), or in the case where the detected 
change is determined to be the unrecorded region M by 
a return light signal (ST73) , the runaway state in the 
unrecorded region M is detected (ST75) . Then, before 
operating a variety of servo operations other than 
the focus positioning, the optical head 10 itself is 
moved in the inner periphery direction by the coarse 
positioning mechanism 12 (ST76) . 

The optical head is thus moved in the inner 
periphery direction, thereby making it possible to move 
an optical spot to the recorded region R of FIG. 11. 
Movement to the recorded region R can be detected by 
the positioning error detection circuit 19 similarly. 
Note that the rotational speed of the spindle motor 2 
is controlled in accordance with the distance from the 
center of the disk D to the track from which an address 
should be read. In addition, even in the case where 
an optical spot is moved to the innermost periphery by 
this movement process, if it is determined that the 
recorded region R has not been reached successfully, 
an interlayer jump for changing a recording layer is 
carried out to handle it (ST76, ST77) . After optical 
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head positioning control is pulled-in (ST78), 
the process returns to recording or reproduction 
operation (ST79) . 

When the unrecorded region M has been reached 
unintentionally in this manner, pull-in action to the 
inner periphery side or a correlation jump is carried 
out, thereby rapidly escaping from the unrecorded 
region M without making a servo state unstable, and 
making it possible to achieve stable operation. 

A determination that the unrecorded region M has 
been reached unintentionally may be made by using 
information that no data is sent from a signal process 
system. 

A description is given with respect to an 
operation of accessing a recording operation request. 
An operation of accessing a reproduction operation 
request can be carried out similarly. . . 

In addition, in the case of the present 
embodiment, when a runaway state is detected, a 
direction in which the optical head 10 itself is moved 
by the coarse positioning mechanism 12 is correspond- 
ingly switched to the inner periphery side or the outer 
periphery side using information on a recording scheme 
of a layer on which an optical spot is formed, and is 
controlled so as to always reach the recorded region R 
or the recordable region K. 
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<Second embodiments 

According to a second embodiment, there is 
provided an optical disk device and an access method 
for the optical disk device which handle an optical 
5 disk having the characteristics of the first embodiment 

and having a plurality of recording layers, the optical 
disk having a track structure in which at least one 
recording layer carries out a recording process in 
a direction from the outer periphery side to the inner 

10 periphery side. FIG. 13 is a sectional view of an 

optical disk showing an example of an access method 
with an interlayer jump according to the second 
embodiment of the present invention. 

In the optical disk handled according to the 

15 second embodiment, at least one of a plurality of 

recording layers carries out a recording process in 
a direction from the outer periphery side to the inner 
periphery side. The optical disk shown in FIG. 13 has 
two recording layers on one side, and a track structure 

20 thereof is provided as a groove structure, where the 

recording layer 3 carries out a recording process in 
a direction from the inner periphery to the outer 
periphery as a general direction and the recording 
layer 4 has a track structure for carrying out 

25 a recording process in a direction from the outer 

periphery to the inner periphery. 

In the optical disk device for carrying out 



recording/reproducing for an optical disk with such 
a disk structure, the optical disk structure and the 
access process procedures shown in the flow chart of 
FIG. 12 are identical to those according to the first 
embodiment and a description thereof will be omitted. 
The second embodiment is characterized in that a track 
structure of the second recording layer 4 is provided 
as a recordable structure from the outer periphery to 
the inner periphery, so that the first temporary target 
track (point B) is provided at the outer periphery side 
than point A and the second temporary target track 
(point C) and the third temporary target track (point 
C ? ) are provided at the outer periphery side than point 
A similarly. 

In the second embodiment, in the conventional 
device, if an interlayer jump is carried out from the 
inner periphery side, a jump to the unrecorded region M 
occurs very often and an unstable servo state is 
inevitable. However, in the access method according 
to the present invention, it is possible to make 
an access while the recorded region R is always passed. 
Therefore, there can be provided an optical disk device 
and an access method for the optical disk device 
enabling a reliable access process based on a stable 
servo operation. 
<Third embodiment> 

According to a third embodiment, there is provided 
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an optical disk device and an access method for the 
optical disk device which handle an optical disk having 
characteristics according to the first embodiment and 
having a plurality of recording layers, where at least 
5 one recording layer has a track structure composed of 

a land portion and a groove portion. FIG. 14 is a view 
of an optical disk showing an example of an access 
method according to an optical disk having a land 
portion and a groove portion according to the third 

10 embodiment of the present invention. FIG. 15 is 

a block diagram showing an example of a configuration 
of the optical disk device according to the third 
embodiment of the present invention. FIG. 16 and 
FIG. 17 are flow charts for explaining the access 

15 method according to the third embodiment of the present 

invention. FIG. 18 and FIG. 19 are views of an optical 
disk each showing another example of the access method 
according to an optical disk having a land portion and 
a groove portion according to the third embodiment of 

20 the present invention. 

The optical disk handled by the optical disk 
device according to the third embodiment has two 
recording layers on one face as shown in FIG. 14. 
This optical disk is targeted for an optical disk 

25 having a track structure composed of a groove portion 

102 and a land portion 103. 

In addition, the optical disk device according 
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to the third embodiment has a structure which is 
substantially identical to that according to the first 
embodiment and a description of common portions will be 
omitted. For the land portion and the groove portion, 
a polarity switch circuit 28 operationally controlled 
by the system controller 25 is newly provided to carry 
out switching between the land portion and the groove 
portion. The information recording or reproducing 
operation has the same purpose as in the first 
embodiment, and a process including a switching process 
between the groove portion and the land portion is 
described by way of the flow charts of FIG. 16 and 
FIG. 17. 

In the case where the groove portion and the 
land portion are provided in a recording optical disk, 
recording is generally carried out first into the 
groove portion 102 and then into the land portion 103. 
Now, the third embodiment will be described by way of 
example of a case in which an operation of recording 
into the groove portion is first carried out as 
described above. 

If recording into the groove portion is first 
carried out, depending on the degree of its recorded 
state, the optical disk handled by the optical disk 
device according to the present invention can be 
roughly divided into a case in which the whole land 
portion is the unrecorded region M and recording is 
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carried out into part of the groove portion as shown in 
FIG. 18 and a case in which recording into the whole 
groove portion is completed and the unrecorded region M 
exists in part of the land portion as shown in FIG. 19. 
5 Such access process will be described in detail 

by using the flow charts of FIG. 16 and FIG. 17. In 
FIG. 16 and FIG. 17, when a recording or reproduction 
request first occurs (ST31) , the unrecorded region M, 
the recorded region R, and the recordable region K of 

10 a respective one of the land portion and the groove 

portion on which an optical spot is currently formed 
are detected by the working of the recording 
information management portion 26 of FIG. 16 (ST32) . 
Next, the unrecorded region M, the recorded region R, 

15 and the recordable region K of a respective one of the 

land portion and the groove portion on which an optical 
spot is not formed are detected (ST33) . Then, if a 
layer for carrying out a recording process is assumed 
to be a layer on which an optical spot is currently 

20 formed (ST34) , a determination is made as to whether 

the target is the groove portion or the land portion as 
shown in FIG. 17 (ST35) . 

If the target is the groove portion, only the 
groove portion makes access because the groove portion 

25 is divided into the recorded region R and the 

unrecorded region M and the entire land portion is 
expected to be the unrecorded region M. In other 



- 41 - 



words, a determination is made as to whether or not the 
current target is the land portion (ST36) . When the 
target is the land portion, the polarity is switched 
from a start position (point Z) of FIG. 18 to the 
5 groove portion at the inner periphery by the working of 

the polarity switch circuit 28 (ST37) . Next, a first 
temporary target track (point Y) is set and an optical 
spot is moved (ST38) . Then, an operation of accessing 
a final target track (point X) is carried out (ST39) so 

10 that the access is terminated (ST40) . 

In step ST36, if the current target is the 
groove portion, only the groove portion makes access 
without changing the polarity. After an optical spot 
has been moved to the first temporary target track 

15 (point Y) (ST41), tracking to the target track (point 

X) is carried out (ST42) , whereby the access is 
terminated (ST43) . 

Further, a description will be given with respect 
to a case where it is determined that the target is 

20 the land portion in step ST35. When it is determined 

that the target is the land portion, it is expected 
that the entire groove portion is the recorded region 
R in which movement is easy, and that the land portion 
is the recorded region R and the unrecorded region M. 

25 Therefore, an access is made via the groove portion 

having the recorded region R in which an operation is 
stable . 
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If an optical spot (point V) exists at the current 
land portion (ST50) , the polarity is immediately 
switched and the current optical spot is moved to 
an optical spot (point U) of the groove portion to 
which an access is easily made (ST51). Then, a third 
temporary target track (point Y) is set at the groove 
portion and the optical spot is moved (ST52) . Further, 
the polarity is switched to the land portion at the 
inner periphery by the working of the recording 
information management portion 26 (ST53) . The position 
of the optical spot after switched is set to be a 
second temporary target track (ST53) . Thereafter, 
the optical spot is traced to a final target track 
(point W) (ST54) , and the access is terminated when 
the optical spot reaches the final target track (ST55) . 
In this manner, the optical spot reaches point W from 
point U via points V and Y. 

Further, a description will be given with respect 
to a case in which a recording layer differs from the 
current layer and an interlayer jump is carried out in 
step ST34 in the flow chart of FIG. 16. If it is 
evident that recording is carried out in a layer 
different from the current layer in step ST34, 
the address of the current recording layer which 
corresponds to the boundary region of a recording 
region of a recording layer targeted for recording is 
detected from the recording information management 



portion 26 (ST60) . In the recording information 
management portion 2 6, as is the case with the above 
first embodiment, a stable accessible address which 
does not pass through the unrecorded region M is 
determined from a distribution of the recorded region R 
and the unrecorded region M of each recording layer 
detected in step ST32 and step ST33. Then, an access 
is made to the above current address (ST61) . 
Thereafter, an interlayer jump to a recording layer is 
carried out (ST62) . Further, focus pull-in action is 
carried out (ST63) , and track pull-in action is carried 
out (ST64) . Subsequently, as shown in FIG. 17, the 
access process is carried out according to whether or 
not the target is the groove portion or whether the 
current position is in the groove portion or in the 
land portion. 

As described above along the flow chart, also in 
the case where an optical disk for an optical disk 
device has a land portion and a groove portion, as is 
the case with the first embodiment and the second 
embodiment, an access is made while avoiding the 
unrecorded region M where a servo is unstable, 
thereby enabling a stable and speedy access process. 
Specifically, in the case where the groove portion has 
a track structure where the groove portion is processed 
to be recorded earlier than the land portion, an access 
is first made via the groove portion at which the 
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stable recorded region R is distributed. 

Here, the groove portion is a portion of a track 
structure which is protrusive with respect to light 
incidence, and the land portion is a portion of the 
5 track structure which is recessed. The above third 

embodiment is described by way of example when the 
groove portion is first recorded, but the present 
invention is applicable even in the case where the land 
portion is first recorded. In this case, the above 
10 access process enables an access process having the 

similar operation and advantageous effect by replacing 
the groove portion with the land portion, and vice 
versa . 

(Simple access) 

15 Further, in the case where the unrecorded region M 

exists in the current layer and no unrecorded portion 
exists in an access target layer, even if the target 
address is in the land portion or the groove portion of 
a different layer, there can be used a method for first 

20 carrying out an interlayer jump from a current layer to 

an access target layer and then making an access by the 
access method described in the above flow chart. 

Those skilled in the art can achieve the present 
invention according to a variety of embodiments 

25 described above. Further, a variety of modifications 

of these embodiments are easily invented by those 
skilled in the art. Even if those skilled in the art 
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do not have inventive ability, the present invention is 
applicable to a variety of embodiments. Therefore, the 
present invention covers a broad scope which is not 
contradictory to the disclosed principle and novel 
5 characteristics, and is not limited to the above 

embodiments . 

As described above in detail, according to the 
present invention, there can be provide an optical disk 
device and an access method for the optical disk device 
10 capable of a fast and stable access operation without 

passing through an unrecorded region M during an access 
operation. 



